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(54) THREE-DIMENSIONAL RECORDING AND REPRODUCING DEVICE 

(57)Abstract: 

PURPOSE: To make a device high density by converging a light beam from a substrate side to 
plural respective recording layers laminated on the substrate and satisfying a specified ; 

expression with respect to the wave length of the light beam, the refractive index of the y S^t^ -^A ^: v i t^ ^^r^^^^*^'"^^-^ 



substrate and other some conditions of an optical system recording or reproducing information 
three-dimensionally. 

CONSTITUTION: This device is provided with a disk 4 laminating plural recording layers 1 
containing an intermediate layer 2 on the substrate 3 and an optical system converging the light 
beam from the substrate 3 side on respective layers 1 and recording or reproducing the 
information three-dimensionally. This optical system is defined as follows, the wavelength of the 
beam is X, the refractive index of the substrate 3 is NB, the numerical aperture of a convergence 
lens converging the beam is NAF and a positional range in the direction of an optical axis is 
defined as Ad where the according layer to be converged by the beam is present. The value 
satisfying the expression >./4<(1/8NB) (I/NB2-1) NAF4 Ad by these respective conditions are 
defined. Thus, the light spot is converged on respective recording layers 1 of the disk 4 with a 
multi-layer construction and data is recorded with high density and with high reliability. 
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+ 1) yht:/3 (-1) , /? (+1) 
[0 0 4 7] 36. mUzisl^^X. 

[0 0 4 9] 38. «1^I43V^T. ^y^^ X^lziSif^ 
[0 0 5 0] 39. :al(^43V^-C^ (t»ffl®t, 1/4, 



(7) 



r 



i^F 5-101398 



10 



11 

[0 0 5 2] mm&o-^^mmizji^^x. ift^ffs^n-tfim 
^•fbo!iE¥, mm, mm, ^m^tziim^^s&Dt\.rz 

^^©7^-^ "1" , "0" (c^ji*; bfcIB®<£^fv^. $ 

NB^ JP$5:d0i:t-S<. *F^Jii:B3®K)i* 
— :^®Jl^:bTIE:^t)^ ±Ji*^e>)lSt^ 1 A'e.NJIiiJ 5 ^ 
-CS. #®M®Eg«t{±l§i|fe-5i3»lRJSk«ii: (k- 

Uk' =/l./NAI=A.x (f I/a) {I&14) 

m ; s^?fe*m®«ifg^ 20-:«± 1) SS©)iipe>®«¥B-c-a);^5jt^i' hgU (k± 

ifeK. kSi©B1Sii*^e.JSfflligStdliffinfclS?glS (kJ« 1) ' t±. 

U (k± 1) ' =,axmM/f I 

= NAI • m*d ® 1 6) 

±SJ;t)Jte1^tt;fl©ittSDS:. D=Uk' =A/NAI ★ffeO j ii©Fa©S5M^<5 jk. SU^SMs^Otba j k i: b 
tU )^Ul$n5flfeOJi4»6>©S*f^af±. i^kiii:* T3tt^m^-e©. nJli)^?.©S«S3taSIni:-rSi: 
1/lO^SIj (n= 1~N. n^iik) /Ik 

= S [(5 = j kxa j kx (D/U j' ) n (fS17) 
= 1 (k- 1) /Ik 

= (5= (k-1) , kxa.(k-l) . kx (D/U (k-1) ' ) ^ 

(IS 1 8 ) 



*i) §i©MiP't"C,»H©Kiidk-r-s'x-r. tfcx ffim© 

kSS ©fBSJS i: tfHBOMJl^dFk. d Mk ^ ^> traSf 
^©UlSSSSr^n-etVs NFk, NMki:1-i)o Sfes 

U'i/XCHPafcSrNAF, W^Sl^'-SSra [mm] , M!^^ 
BiSf F (=a/NAF) t-rs. =r^7.^if>io 

-3T§y6ffl©^^>X^^^*^tVi). ^l/>X®^j^{>}-iE 

K:{5iS-r5?tetfemSK:J;oTs Sftr>tea©^<bS«M,(i 

■^lC^lli1"So ^V>X©MP»*NA I, Ml^Si* 

f I (=a/NAI) ii-rs. ^fet^tii^©^)^®!!:©^: 



^©^¥K±©X*ybSUk' {±. 



■rs. 

[0 0 5 3] 2. « 1 ^c:^5V^■r. 2*5uilWb©«'>fil 
bmin^ (A/NAF) i: b^ 2ife^)lWb©g:*cffl[ 
bmaxS (2dxNAF) iti*)/h^<f^. 

[0 0 5 4] $ e> i-s 01 ^w^■rs^^t^^^^*3v^T. 

tifcl?|gESBrt©^n^n©Jt^S<]!|ttt8l3& (OTF) 
HO (S) , HI (S) ?£E14t^n^tls i«^13, 

it^i 4T•?^■r. 

[ 0 0 5 5 ] f=« b^ S : aiSYbSMjl9ift» 

c:iT% Jip^ggsid©fiST-«i^-rn*s^bfc«^®^fe^ 

S<j!|t14IIISH l(S)^^•OV^T^ Hi (S) =0i:^e5ST^ 



■5:^=2 <tti. ±IB)^ffib©ft::*d^i§bbmax$M^t-i.. C 

©i^tc. )iB±©®mw>t^stjttKo^^b©;a^bi: 

■C^ SM^D^ h-^©fiK^«:SmBg3te^0«]ttH©^'fb 

©jiwbj:»3*)v s<-r2>c:iii?, a^eo{a^fie^>e 
It ^t^dj-r •& - i: *^T- & s o 

[0 0 5 6] 3. SlK::^5V^■r^ i?gSJifc:*3H-5X5j?'j' 
(2dxNAF) ©«:^l3-^^n5^filfB<J3te^^'fb 

40 v^s;Ii:^cJ;•pT. ^SJlSll^bTV^5i:tt^*^^ 

b^ itm^&lSl?)l*<Ci:-eS^SB©M^fig^^£ftS:» 

[0 0 5 7] 



dk = dF (k-1) +dMk + dFk 



4. ^l^::^5V^T^ 
= dMk 

tfiHli©^»W®^*NMkS:a^Si:PIbH«f5^ ♦d*^ 
NB-efeSil-rS. #'ji7^-<X^©NJlSStT-©JP$^ 

d = Sdk + d 0 
T-»57*'f X^«i3tt^5V^•C^ 3*®ltSl^aW4 0K:-^V^ 50 T 



(»1) 



(iS2) 



(8) 



13 
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W40=l/(8xNB) X (1/NB = -1) 

xNAF*xAd^A/4 
0.5x2dk = Ad 

[0 0 5 8] 5. Slt43V^T, kSgOfaSlKii 1 O 
^^^mt. ^^Tk, MW^Rk, iSiJR^Aki:r 
S. CCT% Tk + Rk + Ak=lffl8|^*sj5Kf)i:Oo 



14 



(IS4) 

[0 0 5 9] ^m^(D2m^m^izM!^^VTmmmm<ij 

SP (IB^^iy-) [mW] . ^ctn J^fiVi:M 



10 



[0 0 6 0] kg{c:^jS:&fe^3-B-fe:S^T-OkeT-©^fc 

Sk = 7r (0. 5XA/2NAF) ' 
kJit:}3{tS^5SffiPk [mW] 



■r3i^;i/di=-b&V'>fitE t h [nJ] As#ffi-rs„ IBfii 

Pk=p-<yk 

5k=nTn 

5k{i, T^-f ;^i'±©:>l6AI^Bi:kSS(DiS®JgCDBg© 

[ 0 0 6 1 ] fc;^ L, T n ; nJioaiii^ 

Pmin^Ikt hxSk/<yk 
^fc, kSlCi3^S:fTafe«)> kgicM^^^Sr^fc-g-fel^ *CD, 

P j k = Pkxd j k 
= P X d j 

6 j k = n/n(=( j»soig^-eoigii^/k«Bo 

Pinax=I j thxSj k/d j 
Sjktt^ kgK:^;^S-g-t)-1J-fe^©, jiiT'O^;^;^^ ♦>;'hgTfet), 

S j k = ;7r [ (Sdn) XTAN0] = (j>k0J®^) 

= 7r [ (Sdn) XTAN^] " (j<k©:®-&) 

= 7C [ (2dn) XNAF] = 

dn ; nJi$g©MJP 
TAN<^ = a/f Fi:NAF 

[0 0 6 4] 6. ^SOSiOiibT. ^— !f7=-<5'?£iB 
^S^-ri.Jii:^^t, ROM (Readonly Meiiiorey)Ji$ 40 
fettWOM (Write Once Memorey) !§;{:)■ S d i:{ci-p 

[0 0 6 5] 7. BT^-^OgSStLT^ #Ji®7^- 

-^mm, (^t-^N'-^-r msc^BSBf, §3^ 

[0 0 6 6] 8.^1 tC:feV^T. 3S#Jii: UT, IBfiiP 

7*-^j'o{gaait?&{siE-rso 50 



(IS6) 

y— Pmi ntt. 



(i!f7) 

j)lT-©3teliS«SI j k [mW] a: 



(IS9) 

t5r [0 0 6 2] kJ■{^f3^^£^T^:^-&. jJl$f3^JK«b 
[0 0 6 3] 



(»1 0) 



(i!5 1 1 ) 

[0 0 6 7] 9. SlCjoV^Tx T^-fTl^C^aartC 
43tt51fS7;t— hi; bT> Hr^'^ i: h ^ ^ ^jft 
ft> l^k^NJii:±JiA»?,«K:i3gi&=fT-5o fe;^ U 
#iglfttt--^T©^— tf-b^'<5'h h^<i'^fZtf^^f3gi 
bT*»e>*©SCi3ii-rsci:{;:i-3Tx :x-if7^— ^ 

[0 0 6 8] 10. N^k-*lJgi:TJi*»c,jii{;g3®<&fT 

{c:ltffi^f3@ibT*»t.»:©jltcf3i^1-i,c:i:{::j;oT> ■ 
^— if'T^— ^J'iB@B*fe©1S<&ff ^ o 
[0 0 6 9] 11. #jiT-tt-r'<-r®J-— tf-fei{7^J'i: h7 
>^i^tc|»?g$:f3®bT*'6.*©jl{c|3®-r.S.*s^ §3^t- 
■5g©JiBS{i^>^^A7'^'-fe::^i:-r5Ci:{ij:-3T^ ^ 

[0 0 7 0] 12. f3®-rSS©JIS«{i7>^5^A5'<!7-b^ 

i:f 2)*^ I^i:■:^©Jlti5V^TfeS^R■^r^7^f^^-■r^ 
T7=— ^J'lB^bTA^f), ^fe©fl©^K-fe^^<£:S»TV^ 
1-'^T©Jl©^KHri7^%jl®XiPe.x i):©-fe^^ 




(9) 



[0 0 7 1] 13. ^K^^5'^^::i3V^T^ Ji:&|qlK:7> 

[0 0 7 2] 14. ail^43VNt> bffiS*»«S 
>X4li*rqi;^{ticMi&-ri. l*7nT^5=-'t7ai-^i:jSSE 10 

(s ign (k- j) ) *fSli-^ ifn^lt® ( I 

k-j 1) «is^x5K>>' hi^iij^-B-ntiavvips^iR 

[0 0 7 3] 15. 1 4{C43V^T^ -Ir > 7•^s■?■{i^ 1 

ki:5&:^.:l^:S^SIg.•rS^i:^^J^•^■C^ aiSJlk'-X/l^ 30 
[0 0 7 41 16. ^14C*>V^-C^ ±IBAF^M{i^O 

i). 

[0 0 7 5] 17. :S 1 6.1C*5V^-C> ±f3-tfD-J'D:^''Vl/ 

[0 0 7 6] 18. 4^C*5V^•C^ W^MiL'^i^'r 7.^ 
F r ^ 5^ 'i' ^- ^' ^ ® ^ ^ " 

>y7'.'^;bX©±PS*^e>> ft±Ji (n=l) ^fc{i> v> 
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WTfm (n = N) Sr^^Us ^ 7.^m:f3n^ii^-^ 

[0 0 7 7] 19. «5tC:feV>'r> IB® Blft-fe?) kjfti 
S^CfBgi1-S®^^ kli^-e©^^ (2Tn (n = 

1,2, -k-l) ) ^#^8:b-Ci3®/-?'7-P 

St) *|S^-rs^i:l^i^t:, i«SfcSjfi«cf3ii''^'7 

-^#-ef3fi-rs. 

[0 0 7 8] 20. S5^Cj3V^T^ kBST-®3Sja^S> 

t a®&f3®>'^ '7-ife(*T-f3S-r s . 

[0 0 7 9] 21. Th'l'X^iRt-.t^T. T^-fX^tiSlRf 
^ (*fc(i!Sf1-{it) ©kSft-C-CD^^STn (n = 
1, 2-k-l) iix IBgiiSHuCkja^T-cDjgja^S 
T' n (n=l. 2, —k-1) ®itx -r«tt)t>3Sji^ 

cD^'fb^G^#)i:bTf3ife/''^'7-2:iS:S-rs c i:{c: 

j&fBSk/^ "7 — ifef*-ei3Mi-r S . 

[0 0 8 0122. 2 1 ^C^3V^T^ Ji7=— 

Ji%IS(ts ^f®liil5i3^^^^Tv^i)©*»SiB^b^ 
gl3ltB^iC'BSJ14S^bt:^ i3«iifiHuOkJi*T-©S 
jg5$£ST' (k-1) S^iSU ^^(Omt^G^^ 

d i: d J; o T^^As^-fb b T V ^ T 4. b 
■C^ gi^)lC«a*;iB®''^'7-lfef1=T-f3®-rs. ^ 
[0 0 8 1] 23. « 2 ItliJVNTx S<SJl(Ci3®^?)HU 

fef,*^b«)B3®1-'^S«^SS^b^ ®ii^®^{b 
G^*i{)Sct:t:i-pT> s««*-r-©)l^3i3®^nfe 

S*s^ 5 :i i: J; ^ Ta3a^*5^<b b-C V^T % 
liab-C^ SillJgK:«iS/j;i31i^"''7-*(t=-ef3®1-5c 
[0 0 8 2] 24. ]a2 3^^^5V^■Ts ?>*^ b^lB^-T'^ 

>f x^ iiii«GT-s^^3i'yi'%ffot:4»e.. 

[0 0 8 3] 25. a 2 3Ci5V^-C^ aStX:1^<i' h Srffl 
$fe^fX3^<^f b-C±i3S5fe5^J^^>i'^^T-5^i:CJ;-p 

[0 0 8 4] 26. it*JS2 5lC*5V^Ts 

I (is jfeffXTi^'v ^^c•ov^-c©s^febfcs^^s■^c' k . 

(t-r) ^fflv^?)o ccTn Ttts $fefTX5}<-y hiiffi 
SfflXJ}^^:' KDXtK'J' hMBE8ISI^BB«l^bfct)®-efe 

cc-c. ^s^^^b^GSs i3^@^Ji-e$.skji 
?^^T-©iat1-±®ll^<t^C k i:®it03iE:;?ffii: bt* 

[0 0 8 5] 27. ^2 5Cj3VN-Cs S£5=-:>i 'J' ^T-tts 
0 t,A*b«>^3:»y^1SJ^i:btx JS^I^t*l'bti3®b«t 



(10) 



17 



iRfgl^S- 1 0 13 9 8 



18 



[0 0 8 8] 30. JR2 9t43V^T^ 3^(D^Wimm^. 

^feaiS{cov^T®ll±^i^ck, (k-i)s®)te^m 

il^co^^T©B^«■f■C (k-l) t (k+1) jl03t 
tftffi«g}30V>T©W±M^C (k+1) C0V^T^ ifeit 

[0 0 8 9] 



[0 0 8 6] 28. S2 3C43V^■r^ «4M#^|fi,^«^ 

[ 0 0 8 7 ] 29. 1 iz^i^x. w^mmmmt ut. 

S# FsCk-rxC (k-l) -rxC (k+l) 

= CkR + /?xC (k-l) R+/8XC (k+1) R 

-rx {C (k-l) R+/? X CkR + /?x C (k-2) R} 
-rx {C (k+1) R + /5X CkR+/?x C (k+2) R} 

tzMi-^ttC (k-2) R. C (k+2) R{±, +^/J%J5$ 

F= (1-27-5) xCkR+ (/3-r) xC (k-l) R 

+ (/?-r) XC (k+1) R 
ciiTTN S#^|ftr=/5<ii:-rsi;x 20 

F=: (1 -y5^) xCkR 

[0 0 9 0] 31. IH2 9{ci;v^Ts «iS;^7f?^; h 
tm\:-7.yn^y hm(D::^^^y h^2-o(Dm^mi:i. ^^^^ 

[0 0 9 1] 32. 313 1 t^JV^Ts HI 8lzm-r^o 

MPS/h?<-r5. ^J&to-fe. ^^&Sa' [A/ (2 
dxNAF^) xa] ' t; (3 J;oT. MtSmi^M 

^^iiS^^fTX;J<y has (2dxNAF) 

[ 0 0 9 2 ] 33. IS 3 1 {C43V^T^ 3 r3®M5lttH;9-W 

'J^$<■r5^ -r^at)*.. NAF' =/)./' (2dxNA 

F) t-t^zticja-^x. mmmizm}^^m^^n:^ir^ 

h©^;^'^' (2dxNAF) t-r5„ 
[0 0 9 3] 34. ^3 1 {3^5V^Ts 5feffX/}f<y h*^f,© 40 
SMi-?-(c:X;}^<;/ h(DmS.-5i-^X-^^:ff'i'i^T>'^:(?:& 

=.M^^izi&ui.xm^tii,m?f-mm^mfxm^^n 

[ 0 0 9 4 ] 35. « 3 0 {;:43t>Tx &SII^I!Sr (= 

/?) ^felS:^1-^.a*i9:^ilI^&{;43v^T^ t^-^x^-^;*-- 

1^— ^m{--^*ti.'5;v^cta{ciaeL^ h (k-l) 
/hk. h (k+1) /h^fi , 0 (+1) i: 

TSdttioT, ±TB^c;•:^V^•C©^ 50 



[0 0 9 5] 36. ^l(3:feV^T^ ttlSX/Jfy hSfflV\ 
#^©jl{;-^V^T«;SS^t)-i■^^:i:T^ 2oJii±©Ji 

[0 0 9 6] 37. ^9{C43V>Ts IB^^t^^^AStiiQ 

[0 0 9 7] 38. miizai^^X. ^•JST'-f X^(C*5Jt5 

V^T^©®*^e.^fe?feAftf^-a-2. 2 PS{3 J;-DTfl5j6K-rs 
©{itg*^t-)STKl'X)6tif©7*U hS?i5JgEU 7* 
[0 0 9 8] 39. :S143V^Ts "^MSIC. l^^^mm 

[0 0 9 9] 
[IIJii«f!l] WT^ 

( 1 ) *^W© 3 *7cfBSS^;eFffi©®3S 

(2) SifeTCT^-f -Ty 7=— 

( 3 ) ^mm^ 

(4) TiJ7^rX:&as 

(5) nmmm:^m 

(6) B^SiJW;^^ 

omx-mmm^mM-r^o 



19 



(11) 
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10 



[0100] (1)3 ifc7cfB&W^®a*)jiS 

[0 1 0 1] E 1 ^;::}3V^T^ T^'f J^^' 4©Mii4> 
e«JtSI9'5:S«3®S«rJ«s%NB, JP$*d0i:-rs. 

±s(^Ai*«!i)ipe.«i^ i*^e>N*T-s-^*iifj») 

^tSo ^^H©EgSlliP$)^I3SiiMJikSSi: (k- 
1) Si©MJP4'<t>IHi©ig«|dkT-^-rc •ffi^® 

SlT*©^tKSi5^^^T'-^^T-- NFk, NMki:-r?>. * 

l/>X6tC<to-C. qzfT^tec^l^b^ (i|qIlf-A;^rU 

T?, l/VXSWilPiSSNAF. m^^M^m^Bi Cmn] > 
Mj^EgSISrf F (=a/NAF) hT^o ^mi^W^s^^ 



20 



[0 10 2] tfc. §^^^l^^cov^-^:{i^ sw^^feis 
1 oKiioT. fiiitjte*os^b^£a^M-?-c^ife^s. 

^L/>X90iiP»S:NA Ix ^j^at^f I (%=a/ 
NAI) 3tetfetBSl 0©S?teHi»@SD^t- 

[0 10 3] 3ife7cfiB^ll^l^*5<'^'C^ BBItS^SfT^ 

-)lSl3|3^11«S©fe»s »^S3®b© l«iB^BC3te 
X#^/ hSlHl*f[!B#T-iiS?)3itfo •^C-e. 3^®1RM*^^ 

is^^^)Jii^^^>x8©la:t^-tt«%^T^o 
^X'^-r. fzt^it&^m ^X'^mm ■. it^. i 4 ( i 

9 8 5) X ,3t7'-fXi^C43ttST></'^4' — 

B^fJix tBiSfl*C+^'S:®ffl©^x;J^>> h*sf#&ns 
feK)©!K5a5i*^V>^®K!ti-, X-i^flligSS^-r. ^ 
ft^^S®*l^-ri.fcS?)x IBSiMH 1 ©m»dF ktt. 
raH 2 ©MJ* d M k bt+^fl-^ < ^^t- 1 5 ii -r 



dk = dF (k-1) +dMk + dFk = dMk 



cai) 



*>o. cfiaJi2tt*Si:t)s »«3 tlUbHSr^NBT- 
feSi:^?., ^©«-&s ^Sv^-f x^©N««:i*-r-©^ 

d=Sdk+dO 

[0 10 4] — :6'> i^—v— U 5. f hi;bT> J5Et)3i«^^- 
XTK-y b©l^-^'^gE*5^JKM^©8 0%*5«liE$ni. 
3^HiRIISW4 0 = A/4jS:ft:^fii:b-C-^^2). * 



(»2) 

★ [0105] l»i*»t>NSB©StT-©mJP©^<bA 
d 1= J: o U- S3*®iRMaw 4 0 tttif© J: "5 ic^t) 

[0 10 6] 



W40=l/(8xNB) X (l/NB'-l) xNAF^xAd (^3) 
^CTn W4 0SA/4i:)feS=t^tr. !Kt3ai^l->X 40i:!ri:bT. :^J7Xi:{^ffa«f^©^bv^%^'l-«b«fliS: 



©latt, T^-f xi^^jg^^^-r^o — B?iji:bT> a«3 

i:b-raST^NB= 1. 5 ©^7Xa«Sfflv\ ctaraJiiir 

d 0 = 1 . 2iniii-Ad= (1.15~1 
0,5xSdk = Ad (^50>um) 

i:7&^=t^tx &e©>*'Mii©JP^dk, SliSNS«a5!^ 

J|l$ 1 . 2iiim fflOiK*)?^^^^^^-^®**®^^"^- 

1 S S e> N # i ©#)1 iBfiiS^fcr +^^£ ^teX 7}? h 

<&ffJfiK-rs-i;*^T-§^o —r>©Jiia-&-&Pi:b-c. tfM 
Jl©JP$dMk= 1 0/im. l3Si)i©JP^dFk=2 0 50 



^V^^ «g5?)3i«!*^V>X8©NAF = 0 . 5 5 i: bfel 

(a!£3) Adg5 OytimT-feSo CCTn 

2mn) , 

OAX-ttx dO = 1. 1 Smiii, 2dk=l 0 0.4>um= 

1 0 o>tim, iiS»N= 1 o*snitl-efei.. 

[0 10 7] (®4) SSSiT-. ^®iClM(±-fe' 



21 

^(Dmi'\rti. W4 0=-W2 0=- 
O.SXNAF^Az, Az=-2/NAF = xW40. 

(k-5) xdT-®kS»S-Z?^t^53*®JKI|Wk4 0 

tlSAzktt, Az k = -2/'NAF''xWk4 Oiiifc 

[0 1 0 8] «TJi (k=l 0) T-tt. 1.4/zm-eife 
t)^ «±il (k=l) X'it-1.4um(Dm}^-rtlt::i- 

[01103® imsmiwiz%miz+^r'ifi-^s^i5i 

IBS/'t — -t 5 ^ t *s-?f § 5 c: t . 
to 1 11] © ffijt^kJitgB^UfcJ®^, fbOJi© 

[0 112] SafcbT, ifcS&KfcJ;^*,®, ara^fi 
[0 113] *^BJT-tt. C®2o®^^^sf 

[0 114] 0i{c43v^T, mm<ommit<Ditti>. -m* 

Ik=Pk/Sk^Ikth 
I k t h ; IB«®kT-®^^^ab&^^fii (mW/^ 

Sk ; kJg{CMj^4^t3^fejg^.^.j^)l/g2-^^,y ^ 



(12) 



22 
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kSSoiBSflga 1 o^^^ajdt, ^^Tk. 
MfifJ^Rk, M^Akiit^So Tk + Rk + 

A]^=i(Dmmifim>jA^. ttz. iB^tzi-pT. mm 
6^^^^i?Emifimbbfzi^-^(D^^m^Bnzit. ^ 

m(D)>6mmz^^mm. Rv^zn^mmtLtzmmmm 
^i^^m^ix^M&±mz^^-c. nmm(Dm:m^s^<b 

*;i^^-L§v^fieEth [nj] *s#^i^5. §B#ass 

1 l*^^iaSV Cm/s] ■r♦7='-Y:^^J^_h:&jt*LTV^ 
^8S«®2ttYb«^{c:^jSbTISt«lii^<b4^flffe<j 

(IB^z-^y-) [mW] :£I^Ht [s] T-^ii-rSo i 
-U§V^fltEth*^gfeRSSSEU&V>fiei th [mW/ 

[0 115] a>mt:^^^^:hrzmzi±. iimizmj^i 

fefc'&fc®^T?©k«-e©3t^S&« I k^C^^,^T^ 
(IS 5) i*ASfig»5i-D^:J;^,^. 
[0 116] 



Pk = p.cyk, <yk=nTn 
tfktt, ^'f>^4'±O^A*fiBi:kSg©|BgiJi©^® 

PminSlkthx Sk/d k 

= 1~N- ffi@i<eTn*st-'^T<ST1-5 
i«ft^fflV%fe^^-*Tn' (iBi®^©;S3S^) T-*5o 
[0 118] ©^*sfigt)i-:5fctt. k«tfBgiSfTafei^40 
I jk = P jk/S jk<I j th 
P j k = PkX(y j k = Px<y j 
<y jk = nTn/'nTn (= (j ms(D!s^-G<Dm&m 
/k«S®«^T-®S3i^) ) X&^o 
[0 12 0] kJltlBS^ffa©^. jS*S3Si5!8»L4 
Pmax=I j thxs j k/d j 
S j ktt, kJl{C^;^tr^t)-&feB#© jJlT-®)t^;jt.y 

Sjk = ;r [ (2dn) XTAN^] = 
= 7C [ (Sdn) xTAN^] ' 



m5) 

^Sk = 7r (0. 5XA/2NAF) = 

30 &;eu mmmmz«it}i2.ttitz^p!,ni^i>hm^xyN 
AFt-rs. 

[0 117] CCI-^kSt43{tS^^SPk [mW] 

(i!c6) 

★75t- J;3{C^cS. (I&5) (g!f6)SJ;!3, kST'IBS 

mi) 



k CmW//zm=] It. 
[0 119] 



18) ifim>)^XitA\<\ 



(889) 

♦^t^^fe»iB®/•?'7-©±|SP max ttifeSCT-#^ 

So 

[0 12 1] 

[0 12 2] 

( j >k©:@-^) 
( j <kO:©^) 



(»1 0) 
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(13) 
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(IS 1 1 ) 

* dT-s tm'ajm^mrsmmd= di=d2=d3ii. ib 

[ 0 1 2 41 E 1 0 bt> SW.IB®eJ^^.^KS3@bTV^ 



— i-feJi^fiKt-tS btV>fi/^'7— {i> 4mW (=Ith 
X S 1) . B2JiT-tt. 5mW (=It hxS2/(y 
2) ^ ^3)1 (k = 3) •r•^±^ cm*sS/Jv^'7-Pmi 
n&^^U (ift5) (»6) (»7) 



[1 2) 

(fgt 1 1) J; t) 



=7C C (Sdn) xNAF] 

dn ; na#i®MJP 
TAN0=a/f F=NAF 

dd-e, 1/S jk LMm" ] H:®««*«t>U 03 
b<©J;-5t::«t5o 03 ai:ia3b4»e>Jte^]KSBJKI j k 

[0 12 3] m5) ma) ^ifimmi:im^±-^J^o 

55:HraJESId^*»5o. fc:eu t) ii^^te^^ii^ «E 
ftA=0. 7 8>tzm, NAF = 0.55i:b. #)S©Jte^ 
^»{±x R 1=R2=R3 = 0. 1, T1=T2 = T3 
= 0.8, A1=A2=A3 = 0. li:^2>. ttz. 
Sv = 7 m/ s , MW^H t - 1 0 0 n s ~500ii s t. 
U dOI^CDfBitJSO?fe^ffi«l'tV^fiS{i^ I I th 
= 1 2 th = I3th=2.5 3 (mW/xim=) ill's. 

d 3=nTn=0. 6 4 

S3=7r (0.5XA/NAF) =^=1.58 (/zm") 
Pmin^I 3thxS3/<53 = 6.3mW (I 

5« [0 1 2 5] (IS8) (St9) 
S 2 3 = 0.9 5 xd^ 
S 1 3 = 3. 8 xd^ 

<S23 = 1.25, 513 = 1.5 625 
P 2 3 = 1 . 2 5 x P 3 = 0 . 8 XP 
P13 = 1.5625xP3 = P 

I 2 3 = 0. 8 xP/ (0. 9 5 xd^) =0. 8 8 6 xp/d* 
I 1 2=P/ (3.8xd') =0.0 7xP/d'' 
I 2 3<I 2th=2.5 3 
d>0. 5 9 xV'Pmi n= 1 . 4 8 >am (IS 1 3 ) 

m^tt d = 2.5/zm T-H:, Pmax=l 6mW (P <rsc:i:T?. jSH^Dy^ h-i'^ffiMU SNJt 

3max=10mW) i:*!?, S 1 0 b{c?^T<ta ©^$V^S^4^f d *;OT-SS. Hl{3:f3V^T. *^T- 

[0 12 6] ifeC. g3«iS*Sff a fetocD^ 3 OPS a:d{C^V>X©^¥® 1 2T-a:*s-3-cv>i,. ^rT% 

{±. W^iSStfeS. SfeT-©*a^{mi*:®3a-r-fe ?fet^ffl§|9cD;^g$S:01©J^^l^^JPfi-rscii-t-P^ 

[0127]® y-fX^^^S'hii-ri.. [O l 3 l] kSi©SSii§JS i:U Mj^Sr-^fc-e-S: 

Jiffl^nxh-^y-fX^iSiffi-r-feS. 40 i:gcD?tx;}<^y M l©t:-<^3aKfiS® l/e= 

[0 12 8]® SV^miy'^(om^^»^m:k:lzir^, tiSi^mm. ^)&t>-feX^^' bg{iUk= (A/NA 

[0 12 9] (3>:as^fiK■ri>7£:4^)©^l©*s^^^1"• F) "^^"^^ g1Sai)»e>©Sit^tt, ^WVX 

[0 13 0] ^l©7^aa:. EI1K:*V^T. 9©M;^{fireClglfeSn5o ^©M^p® i 2±©Xd«y 

^Sa-fb-f-SililtN B^amm*'$.©SiJ:y6S^+^ hgUk' {i. ■ 

Uk' =mUk = mx (A/NApl) = (NAF/NAI) x (A./NAF) 
= A/NAI = Ax (f I/a) (»14) 
m ; S3feJfc^l^©«i<Ss^ ir^feSc (k± 1 ) ]i*^e.©SW^*s^V>X9-^mja 

ifeC. kSi©i^JiA^e.JlMgggidetnfc (k±l) Si^.|:tstei:m¥®i:©iEfii6ci' 
3©g5b»e>©M¥ST-©X^'y hSU (k±l) ' 

d' =Yxd=m=xd (»15) 



(14) 
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U (k± 1) 
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OdB (1/10) -mzik^ifiS^y)±x^ 
[0 13 3] ^ft^iBSl OT-CDx nJgA»e.CDfi|^S^g 



= d' xtan(z5I=d' xa/(fl+d') 
=mMxa/ (f i + mM) 

U (k± 1) ' =axm'd/'f I=NAI • m'd (t»16) 

±S;<i:t)^te^t±iS®iagD*. D=uk' =a/nai 

®«J±£=(D/U(k±l)' )»T?, p^jg*»e.os« 

;SV^SNJtT•t^t±iT'tS„ 10 

[0 13 2] mmiz. *tm^ni.fib®s*^6<z)sit^M 

^i^ gffllkJgi:ffeCD jSofflcDSifis^S j k, SVRit* 

l/10^2Ij (n=l~N, n?ik)/Ik 

= 2 [5 = j kxa j kx (D/U j' ) =] (»17) 
fefcU tiT-ett^ a«Jlk»{;^^-rsi|!|^g« (k- •)KCC^J!iaT-t5*s^CDfi£{±. +i9•/J^#V^. 
1) Jl:/^{tfc:oV^T#Jfl^f S. flbCDjg*>e>CDiKg'fe|l|^ [O l 3 4] 
(IScl 7)=I(k-l)/Ik = <5^(k-l). 

kxa(k- 1), kx(D/U(k- 1)' )^ (IS17.5) 
«?IJ^.«. A=0.7 8/zm, NAF = 0.5 5, f 1 = 3 ★^JtCti.i:^ <y23 = 1.25 . a23 = lj;»3, SS* 
Ommiib-C (NAI = 0.0 7 5, m=7.3 3, in== 20 ^«CDffli»JspH:, e x 5 ^ 2 3 x a 2 3 i:;5:S. 
5 3,8) {;I:feV^T^ D=Uk' =1 0.4//mSl OS* [0135] 

I2/I3 = <y'23xa23X£ = (y = 23xa23x (D/U 2' ) " 
= <y'2 3 xa 2 3 x(A/NA I)V(NA I x m=d )= d = 2 3 
xa2 3 X (A/NAFVd) ' (Scl 8) 

(I 2/1 3) ^ 1/1 0±S;ojgg!33AOd*^»S -^r -ixt. 

dSV"( 10xa23)X(523 x(A/NAI Vni=) 
=V"( 10xa23)xd2 3 x(A./NAF»)= 1 2. 9/zm (ISl 9) 



^l»*>e.©^D;:< h— ^^7 0)^#^,|5I«{;:t^-#T- 
§^ ■=e©fit( I l/I 3)= 0. 0 2 4(=-32dB) 30 

[0 13 6] Jii±0^?!lT*{i^titUlS©gD = Uk' =A 
[0 13 7] »2©:&&{±, ilS±CD^R;fB<J^^BgteK 

^^cDll^*^^5;ii:-e, iiW^D;si ^cDjFjg^S- 
SSHffe^jjte^e^jSKcD^fbciil^b J; t) «<-r5o 

TH 1 i:E4S^V'.TgiB^-r?>o ^lo:3?ffii;lE:S'J-rs 

[0 13 8] SlgSt::^^ mmmn<D%7.if^''y VifiW^WL 
$^^TV^S&fe. 2ife7nffl^b*s;^;}?>y (A/NA 

F) ssfenK, -r^fefc*,. 2i*:7c;i 

WbCDg/Jsfitbmi n<£ (A/NAF) t-Tti-K, (f-f^ 

S = Axf F/ (2ara) =A/NAFxb 



v^Sfe4^)C. JgHEg8ldi:-rSi:, (2dxNAF)i: 
flaUT, 2^fe^j^MBb©e:;^ffl:bmaxS (2dxNA 

F) ±^)^)/J^$<1-^^^s^ mmmt'ibcDmnm.^omfi 

«8 ( l/bmax~ 1/bmi n) J; ?) i&/J%^r < ;& t)x 
7^;i/^^fc{iAGC (3}--hy-f >n>hD-;b) s 

[0 13 9] c::-^, ll;^-mK:j:s^^B<j:9-^t6©<£ 

[0 14 0] Hl{Z^■r§:)^63fc^l^^Ci5V^T, IBgiB^ 

li®(^©-etL^no^^6t>'RM4iliS (OTF) HO 
(S) , HI (S) SE4t^-ti^ti, m.UlZ, MU 

1 4T'S^-r. stwji, >^w-(DmM\^mwML\znjiti'\^. m. 

[0 14 1] 



(»2 0) 
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5 - 1 0 1 3 9 8 



Mj^rn^^<. mimcom^. ^^ag^enssH o * 
(s) lis mui 3<D^oiz^^o zom^. 

bmin = A./NAF 

il^ttliaiCH 1 (S) t:-^V^Ts HI (S) = 0 h^ftS S 
= 2<t!3, ±f3iaSBboe:^c«Sigbbmax&^-r 10 

[0143] ^;^-rndCDliJOi:^tC, 3te^fl«J^^II» 
HI (S) {i> ^eil 5CD:?^|q|C^{bU bniax*,:^c 

[0 144] C£DJ;a^c^ B¥igll*^e.o^D;^h-^® 
)^iS8!tm:9-{if min (=l/bmax) WTt'fetJx 

S|4C^-rid^iititei^ttl 6^n'^:t-h^^ 

^ 'S* o 

[0145] m^m m^-rixdtmmi^&B i © 20 

[ 0 1 4 6] B 1 =-d/2 X (NAF) ^ 

bmax4^S)feo 
d = 6.7 ;uin©@-&-*bmax = 4. 7/zm 

B 1 =--^. 

d = 1 0 ^tm©®-&->bniax = 7 . 9 Am 
B 1=-1.5A. 

Sfc, bmin= (A/NAF) =1.42^£m 

02O©J:■5^^^ ;^3i^5' b5t*:S-|piK:, u^ft 30 
Ot5F-^T-feS 2-7??F-9*fflV\ h-^^y ^J'br^'f^ 1 . 5 
/zm — ^©7'-^>^^CoV^T^ &*n0ij ri|^IS^63-537 
22 -^j tC^-rt^f h:J^^i'i^iB^:&^S:fflV^fcS^^ S 

{is 

3q = bmin=1.42/xm 
q = 0. 4 7 >am 

8 q= 3. 7 6//m^bmax 40 

1 . 5//m — S'^fe t)x 1 . 5/zm^bmax"efe5 
i2'S*^$>?>« ioTv d§5/zm-e+ia--e*S<, 

(3)]B4JifiS;1'?>fe»®^3®:6'S^r^-r. ^2©:^®T- 
{i^ gra^DX h — :J7y>i'X©)lJSi&fiKi9'iis fmin 

©^•■fbo!ia«ic<to-Cs i®B*»e>©fi^#^i&bT b 



ASiji^ (-6dB) ^£^^S®fF^fitii1-^o ^O^s 
S=lii'fe!)s ±l3^Wb©g/J\^UbminS:S,^ 

[0 14 2] 

cm 2 1 ) 

$feC^-^fci-5K:7-^;i/iJ'— , AGC-eftiffiT-§5*i. 

4«iEf SCi^^'t-tSo ^ 3 ©:*ffi®IS3a{i. BISSH 
CjSltSXTjiy (2dxNAF) CDM:^{C^*n5 

mm^^^^^t (v-^) ®^j^©^H«*5m5--sffi 

S5€dtbfci:t©S^e-^'^®SH^i^x h-i^SH:^ 
titSK-^fiS&s. ^3©:i^^i:^i©:&a^#ffl1-?> 

[0147] -fi»JS:^-r. ^«10y ^JJS, 

tt. 0 4f::?x-rJ;3tc{£:^££^©x^^ h;i'A5^SSctffi 
T-r-St^^ft-^. J;-=>Ts x-^^ b;i/©^®:C<i;T-r 
5Jfnjfe8 8<)5. @|jge©3t#e5!|t*4BI»H 1 (S) t 
-:?v^T. HI (S) =0i:^£i.3S»fJ^«?»i:-S!fr5<t 

[0 1 4 8] q=0. 6/imii-r^i:s 2.8 2 

q= 1 . 7/zm^bmi n= 1 . 4 2 /im, 10.36q 

= 6. 2>£zm^bmax, Srtvj^B 8T-©^^lb)l^{± 
2 4Ani-t-$.?}s m?S^Md=2 2jumt.-r^o C© 
^s pggJlfcl43{t5.X:1?y (2dxNAF = 2 4A 
m) t:-^**%5^-i'©iS^s^H:{atS5 0%-^T-fc 

fi® fiK^ii-^ t S o 
[0 14 9] JfeCs 021,2 2f{4. M®I^-C2J*:7C 
f3it*fT■5iS^Cov^t^ *^0^^®fflbfc*)®T-fe 
So 2?fc^f3iifl^??^{i> $fera^^il¥3 - 119 16 

tts 02 lK:^1-J;aK:s ^;t«s 2x2®4|&?;S* 
— o©t/D<y^i:bTfflvv ^^IB^t* S 

m.^'^t)-^-^. 2^=16 s 4 tf b®7^— ^S'^St* 
bV '^^S.it^ffOo CO:©-&s SI, »2®*:5SS: 

i®«-e§So SI2 2»::^-rJ;-5K:s 4x4o*&?^ 
^ i*)®l&^;SlC'i:.n5llS!t{@®^-^ *5^*tiS J: 
•5(c (0T-(4Hi) t^o $?5t3s PiSJlT-®XJt<>y h 
g (2dxNAF) tc^&^Xo >;'^A5#<-&*tvtl«s 
x^>y hrtt^^ns-T— i'©«x $5>fc:{i^— J'©* 

[0 15 0] hci^T-s 3tev=-f x^:7-e{is mmm^cD^ 
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(16) 
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[01^52] ^C-C, -©^ffl^«?gfersmi«»JSE|2 
7T-tt, S-*Ma2{3l/4&S«Ji2 0 1^11^5. 

V>fc:B?S-5JiA»e,©S*r3l6tt, l/'4^Kfi*gg2 0 1 S 

^^fo%i/2S[s, 1 8 oaffiffln^^s 

»s #«*'5:S^®±T-©S:)fcMitT-«fc-a-. J1M©^^D 

V^T. 0 2 7{C^1-J;oC, ®^ t-A l^-AXT"'; 
^5^2 0 2?£ifAU S.m^(Dm)l&:&[^iiZ^^T. i^m-t 
5^fctfetbS20 3, 204<£^i8t-r5o C10J:^{C-r5 

m^ili©»l©g^;^S:t^sv^T. ^fe^iBS©;(c# 
$©7^7>;^^r©fF^<it4;*;t < t-SC i:AST-t5. 
[0 15 3]ife{;r, (1) gi5T5^U&*^Bg© 3*7513 

^©/i31 ^^figt- -5 t o V ^ t ^1-o 
[0 15 4] (2) 3»:7C7^^X^7;t- ^5/ b, 7*- 

ElStZ. ^Sf^-f 4 073^— h©—^J^i3^-f-. 

^t*x*r^-a-5»fi3*'?,. *©3iff^faic[aiA>oT> 

l~nJli:t-?,o kJlT-©7^— 7;*-— Viy hfiT^-f 

eses-Ti) jL^ij:, s^icrKu^^ (i, 

m, n) Xy'—S'^mmirZo feSffi^© h ^ 5/^7 1 , 



ROM (Eead Only Memorey) ^^tzltVfOM 
(Write Once Memorey) S^3:^t^ ±flr3>hD-5©o 
S (OperatingSystem) . ifctt, ^i^l-S J;5{c. ^ 
10 iiT-©f3®Sfc{±B^©^f4:;fet-i£^ ^ ^ 7.-!7^Wi!^\z 

StftiB LfeJi©*>t) t) A*i,it1-C i: T- g S o 

[0 15 5] ifeC. 7^-<5'&fiB^1-SjIi#{i, fi»J^«iR 

[0 1 5 6] (a) l^k-»Niii:±Jld-f,jii{c|3gi^;f5: 

[0 15 7] ±fij'-^%m^nom'^. nmmi^t t 

T> 33®«©3®a^AstiJD-rSi|ttt^^o*,©^fflV'.S 
C i: ^ ?) {^^^^©iSiV ^fBliS^ $ff a d t AST- 1 

So •T'fet)*,. Tji©ia®JlST-03®©^AsJtiD-rSffi 

x\ ±m iztmt^cD i^'^^jfe^^* t mm u 

30 ©T. SNJt©i^v^:^^M■^As^#^,i^s. ±i3t4te$ 
5, Cl©^<*{±I3»-r5Ci:{cj;oT. S*riKt5t*s^ 

[0 1 5 8] (b) N->k^lJli:T«A^^JIitiBgiSff 
■5. ^{i (a) tlHlbo 

[0 15 9] (c) ^JlT-tt-r^T©^— if-tr^^^h 
[0 16 0] (d) IB^-rsJi®)II#{i^>^i^:p^^,;:^ 

^sB^bTA'S,, ^*:©«©^K•lrv>^$ja^^,-^:v^ 
&s ■r'^T©so^K-ir^^'?&a»x*^e.. ife©-ir^^j^ 

©T^-^siB^-rso 

[0 16 1] (e) ^iS ^^>i'<?^C:}3^,^T^ Jf^^lSlt^V 
y^'©aT{±)£i:<, ®^7*-fy^^©7*-^tST2fe5Dl 

^^O* *®ffl-rS ^ t AST- 1 -S. 
50 [0162] ±fB7 >^AT^Hr;^T-tt. «ajjl{f^oT 




(17) 



[0 16 3] (3) mm^imm 
laeic, 3ife7cf3^S4^s©^<*«^iK^^'t"c ta&i' 

a, fas^{4=iasiaES 2 o t) ^ ;^ ^jf b tftie-:? 

i,J;-5C. +f|Ei&llES2 1 tflgaj^tls *^5'K2 10 

[0 16 4] T^-f ;^^±®sis 

^^u n&m^2 3, 2 4t:^^o m^m^2 3, 2 

4{i. ||^«iJ»lsIS&2 5 4aUTs JSH^;7UX V-^S: 
Sl«iJbfe®*.> AGC (:t-h^^'f >=i>hD->'W 0 

[0165] ^cDmB^^s■^^±^ ^ff^^^bS 2 7 <£31 

■t^o SJgS2 8K:a:, S*i;^7^;^CJ;-pT2{i£^b^ 

. [ 0 1 6 6 ] ifelC 2 Wbfl^ttx fiitai5]«8ilES 2 9 IZM 

9 fix ttfflJtiS^SS 0, n-y^;^7'f;i/<57 (lpf) 3 
1, mBUmmm^3 2i)^?>5&i>o '(4ffll5lWlB]E&2 9T- 
^^^tifz^t2^yi7lzX-z>X. 2Wb{s-^iPe)x ^— ^ 30 
O '1' , '0' ©J|aj^-rs#S'JS3 3*3if)x 

toctts K2 2*>e>©Mia-m, Y=7^y^-rixm 

-§-^ttS3 5§fi^V\ M«!5]i^3 eCi-oT. it-^ffiiJW 
icaM'&{i^J::^«(ib^ iElt(llES3 7^ab-r. ^t:^^ 

[0 16 7] (4) 

^^4^>v h{iB^»^i:bTa> iKf)ai^V>X8^£ 40 

— ^> ^fea:. iKtijifl^^>:^8 t:Jl:;^lRI5e^tcigi&•r 
s 1 »j7c7'i'f=--t'^-iJ' i:«SE oa^'V >X8 tcAfti^-B- 
4) ® *5 S o 

[0 16 8] CICTn (2) T-3£'^fc7*-i5'fBlibS^O 
fc«>{C^>yA7^-fe;^%ffoJg-&lCOV^Tx mi Kg 

t^A^s :^^-rn{cj;-QTiE'fbi-so-e, Tiitig 5( 



^mmW- 5-101398 

BH63-231738-?-. i|tii^l-19535-?-j H^I-gu^MSj^ 

[0 16 9] ;i^:t-. s«jSkCT^-fe^1-SS^©m 
l©^liE^J®>^D ^yiJ'H^El 2 3 {c5^i-o 
X^4{cMb> AF {-^—Yyir—tiT.) T^^'fj:^— 

'S'l^mm^^^m^Q 3-e©c^t)S[i o 6s^s$ 

AF7'-J7^'>3i— ^ K-^'f >'^9 1 

V>X$:i£-:5lt5;J[ql) icKjA^-To ^®B#^ AF^ffiH 
|i&8 9-t-{±AFKM«-^3 SA^tf &ni>o 
ii^iJ^^a^J^lHlK 9 2T?-<fD^nXj^l 0 5*tfe^i5$^^^ 
fe2.Jl®{c-&Mi^T-$,i.C i:%AF-t»— ho- 

5 9 4Ce^'5o *iJ^lHlE&9 2T-{iEI2 4 alC7r5-r«t-5 

1 0 3CJ;-:>-c:> 132 4bt;i^^AF/i;i/X3 74^^ 

t). ^CDS:*.TA5?3 1 0 4%1?femi-?)Ci:T-V>X8*s 

4 tigs. 

[0 17 0] 3> bu— 7 9 4•C{i^ _htt3>bD— ^ 
A»?.O^i^T•Mi^5Ia^^^^^^^T-$)S^: tS:^.i^U ±S3 
<J''f ^>^OA:'3i:Jtt::X'f ^y5^9 7^^!3#;l^ AF 
-f — Tf^HiiS 9 0^AFTi'-?-'>-3^— iJ' K-7'f>'^9 ICO 
;5:{f-y— ^;i'-rSHb$-e-5, Z.<Di^m-^its AFit 
-7}^[HlK9 0{i> AFM^ItadHKS 9-r-x.^ni.AF 
^^{t^*"»;C-if n C* S J: ^ C A F T ^ * 
lEI&^-B-So J:o■r^ -r-f X^ 4tflllte^lc±TSttb 

[0 17 1] »:C. V'f i'— S-^1i^tBilE&9 SCiJV^ 
BiS-e^bfeT*'; 7:4— •^'J' hSPC^SIgr Kl^X 

&Sg*^ali)^:5Cli:■C•3S^^V^SIi®#•^^ISiSb^ =i> 
f.n_5 9 4(cjS'2)o :3> hP — -7 9 4-r-Ji^ "^i&M^ 

^T-feSk#S®SSJi*TN ±Tift.e.O (sign 
(k- j) ) 7^[SIC. ifn^^tt® ( I k- j I) HSSc^ 
X5K>> h^ili$-y-tv{ifi.v^ii»^^,^b. V'i'i'— i^^> 
r{i^%^iaES 9 6 CS^^ >7°^$tJ{i-9 1 0 7 S#6^^ 

[0 1 7 2] i^^>7"M-^'i 0 7{i. mrac^iji-fe 

b i^^^T S'S: V^ <t a C$iJ^-r S S)® *j OT'fe 2) » t 
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[0 17 3] B«jikK:T^>-b::^-rs«-&CD^2(Z)^ 

^^J® ^ H^EI 2 5 
[0 17 4] lll!K-r57^'f;:^^4{33i^bi!!!3a5^U>X 

1 o x-^m^n. m.iftm^mmmi o 2d^t,iB:t,$tife 

^ttr— -^-CIT-, S2 4 cCg^-r^D;^^^' 

^—B-^^mm^ 1 0 l©4'0>'Vi/y^YbiIBS9 8t;^5 
'rx^-<;H03. lOStCicT^ AF/l;i.x37t 
^^S/Vl/X 3 8 t:miiii-^^^m^V\^X 3 8 ^-T- h 

ix^<D2 MOJ^)\/7. A» & D ;^ n' i'— 9 
9t::j;oTT5;r>'Vi/;^ 1 0 9i:^H7WVi/X 110^ 

[0 17 5] 02 5^C:fe^,^T, «;i^ffie*S7^-< X 

STJi*Ti!>*<i:t,^i&-r5j:a{^^ aft 

AFT^5^<.ai-<5^Sfgtt-^;5„ COI^^ 
feS, ^oxH'i'-M^tfeimiBSl 0 1 J;>), N{H© 
t©:Ps'X^i;i.xi09o±RS*^e.^ ^±;i (n=i) ^ 
1 0©T^*^f,. «TJi (n = N) ^^fg^s. 
h<Z3M}^ifif^^MsijiZ:7,^ '>5=-l 0 OS;^t)#;?.^ -y-— 

[0 17 6] f3S-rsc:i:T-^^, sit^^ 

m2 5tiimtji^m^i2 3, i 2 4Asf#e,ti5. 

A^S i:^fiASiE*i©fitCM5 c i:^. bT v^ 5 . c © J: d 

^^^tp, '^iz. -^—i^(Dtm^tix\,^tj^\,^u^(Dm^ 



(18) 
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^m^5 - 1 0 1 3 9 8 



[0 17 7] z(D:&m(D-mt:m2 6hiz^,to z(Dm 

tt^ 122 3. 2 5{C43{tSAF«ftUiI5Ig&8 9, il®*fiM 

ffimg&i 0 2^^bfe*)®-cfes. sti^^asAFMM 

1. 1 1 2tt. S^S 1 1 9, 1 2 OS&ttl 2 1,1 
2 2*^5,*?,. Sfi^^^aHgi 1 1^ 112T-0*X 

^>^Mi3, 1 1 4(D±^^ifim\:.<tiin^t^M}^x^ 
10 ^^^BuStftegl 15.11 6TffSo ifeic. -y^T* 
;i'3tc-;i/K[ilKi 17,11 8tz.toT. •^-^±^t* 
^as^T-ofi-t Steffi b. f— ;}?^^©^p^;i^-;n.-r 

5. Slto^<£^3lfig3 6hbTf#5o V-:yy;i^.-juY 
Dii&l 1 7, 1 1 8{i. ^m(Dm:f^!^^v>r;ut^\^ 
— i'Tjt— ;^fr■t?'fe<fcv^u■ fe6A*b«)-y->r;i/^:®i;b 
Ts -^-'>i>^im^tlf3i\,^imt:y:f~^>yhtLXl& 

>7-;i/«^s:^aiju 't(Dmmx'CDm^^yi-^-;vp Lx 

20 

[0 17 8]^ccT-tt. m}^rtitm:^mti.x. 

Mft;&S<£7nbfe*s^ ftb©^;^-rnt^iai;?Si?feS5rf;iS 
[0 17 9]-:^, ilSIJSfcST^HrXbfc^. ^^Jl 

#®K:^I*i«3 9?£|S:(t.5>c:i:T-£ffti^jT-afe:5r 

os®^ip^,®[5]^^{i, m}^ifirfix\,^:htzmz. m 

#»{c$.e>*'b4?)'j7;^— x;i/tr<;/ h 4 0 >yi7;5-|S| 

t) -ts »J-T:fe < c i: T-s S^p^jt s if > 
?^<£®ffl-?§So JW±ia?l!b&Xp}««;/ hteggi«)®g^ 
it. r^MS63-231738-5-, 19535^, 

319000034 J CS^bTfeS, T.-^ ±CDmp^m. tiii- 

[0180] ( 5 ) IB^M»;£rS 

40 ifefc. ( 1 ) gsT-^ Lfe*^Bj© 3 ^5t%m.-n^o:>mm 
^M-fmmsmi5m^':>\^xm.-^^. (d t-je^ 

tt^ k^*T-®S7a^4 2S^Ji8bTi3®/t'7-P 
^S) ?£S^b5fe(ttt«^d:e,%VN. ^c:t. sst^f 
«fc r> \z. IB^^fifia^iaK 2 0 {±7 K ux^a 4 1 tlB 

sg«■r•^feskig*■r•®sji3^4 2Sffl^^s. ^nsp 

aB(l7]^bfell]BSrD5;^7^^E|7{::j5^L^^ «^0!ISEI9 

[ 0 1 8 1 ] H 9 C^V^T. 2ttYbfi^ 1 9 St^^ x^ 
50 ±0-T-^ 4 3 i: bTfB^1-5«^. IBSffigtci^SiB 
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(19) 



X. TY]y^mm4: 1 (1, m, k) tMbTlB®^ 
0M4 4, 4 5t:A:t»bT*'< 3i:T-D/A^il^4 6 

(DBitiiznmi^fztft^^mm^'p (t) 4 7*^f#?> 

[0182] 7=-^ :£iBgt-r bt. ( 2 ) 

(b) (.1) <s>mt:mm-r^tzis()<D^ lo 

3o:^^^^&«v^. (2) (a) ®®-&C:feVN-C, S 
<SlJS*-eOS3S*4 2 (2Tn (n=l. 2-k- 

[0 18 3] ±SBW^1-®«-&^ fB®l^t*5tt5Jl*-eo 
jSili^4 2{i. gE^T•tt^^V^. C:®i5>5;:©-&> 07 a 
OHK^CiSi^-r-^NbfclllBSSrftJal-i'. ^^"7— ta^RO 
M45fci{i-r'<.t:cDJl*5*i3Sitt«IK:43lti>k)l*t'®S 

a^*%iabfciB^^^^-K:«ffi*Ai; b-cis < . 

[0 1 8 4] TFl';^^iS4 ItZioT. T^'<:^^ttH^ 20 
^ (^fctt^ttfi) ®kBST-®3®ii^2Tn (n = 

1, 2-k-l) i:^ ^M-r5:5ST-t^tllbfeS3Siiafif 
Ok»*-C-®3S3a^STn' (n=l, 2—k-l) 4 

2Si!l#i]E&4 7^CA±»b^ mM^(OU<b^G^^^ > 
n > h D-;^!^ 4 8 izxti b^ ■ft®&f3^^'7— {-19: 

[0 18 5] :i(Dmmm^^Mmr'%^-^(Dmt:m 
•To (2) wx-v^^fz ^m^^—^iommmi ^tstt. ^ 

©rtg^fe^*^b»83^mil::fl^b-ClS^bT:JoS. 

o( 1 )(3)^s^-rsfcK>cD^ 3 <D:^m^m.m b, so 

(2) ffli (c) , (d) ©T^-^fSS^Tofc^^^ if 

M:«gol3®^®3®145— SlfCgE^T-feSO-tN k)l^ 
•r-CjSja^STn' (n=l, 2 — k-l) 4 2 

[0 18 6] 4)^— f3^1'i>B5ic. g.e>*'b 
iiiT^if^^y h:&jt*bT3l3lS^®^'fbGS^toS;5^X-fe 
i>. 

[0 18 7] fee-*^b«)f3^-r^§^J^^S^'^^*^ 
i: bTJis f3gi^:- h--C-*0i?)©7^'f l [1«T-S^5^ 40 

T-l3S^7-5^3i5'^57Sff-5. t)^-- El 8 

9Cov^T©S^bfcS^{i^C' k (t-r) SfflVN 
rti. $feff^5}?^;/b4 9i:f3^ffl;^'l^«yb 
5 1©:5^>K«;' bM5§6t*B#Hgl^bfc*)®-e$)i.. 

2l3©^a■^b:0•Gt:^ 1217 btw^-Ti -pic, IB^BS 
ji-efeSkJSt^M;^*^to^fc«S|-C-©W^e^Ck' 5( 



5-101398 

;)?ffitb-r> j||^S5 2Sfflv>T*«>So cn{i> 

{b{4 2 m-c-S^{i^J::3^^3ti s *^ e> t- s o 
[0 1 8 8] fc;eu S^{i-?-CkOfiS{±^ 7.^7 7 
fe?>i)»b»5^3iyiJ'^J®i:bt:, Ji 

6<]>'^^^:^dp<£lKiRb-r*feaiT-tSo ioTx il*K©lav^ 
B3^>'''!7-®OT*^'^«^ii'5iS. B^M^Sr»S3l6 
«itBIS 1 0 K:ov^•CH:^ ( 1 ) gi5®as^-r 2)^ 1 o 

4ll^@^^:bTtfeu^t•^5®T^ i.*)m^mi3i^^ 

>3 > b u-;i/:&ff fc«'5:V>®^Og3^^^ 5 3 ttS^ 
Oi3gitt«g4 7 i:M>S:^>*5^ i3Si^^7— ®'?''f >=> > b 
□ -;^*ffv^Gxp (t) T-l3®S*5:i«t^3i:-CN a 

mm.^m 4 7 - 1 a^t- t &. 

[0189] ( 6 ) SSfeSiJeBJ:?^^ 
ifeC, *^ia©B5fe:3?3Si^^fiE.-r5E16 tiS^bfcS^ftiJ 
SfiaES2 5&Piffl{cl!iWi-5. c:^:•r•{i^ (l) fS5T-5^ 
bfeJ;d'Ee®l*^e>^3©:5ST'fe2.Jira<>n:^ b-^' 
4{£i)S-r2»S^©JMSCJD;lx $e,tc^F^©Egai&^K) 

4®75■^^c-:3V^T?^•ro ^4©:^ffiii> ^i©:??^-?:-^ 
bfcJ:o5&i^Ji*^e)©sl^^J5g^©tftUi^^*^*^ 1*^=^ 
mfSi^'OT. j7®:>cgp^*(S«)SBHSJi*^6.©Sit^ 

o-C5lt)^< ^J:tN S^Ji©Si*?tefiE:»-S:Jfttil1"^o 
[0 19 0] CCIT?, 017 aCil6^5S$:^1". 

Ell i:lsibTfe5#^ ^fel^v 3te<tiiJS5 4i:5 
5S:kMCIS^«:-&t5-e-fci;§©Sife®<l!lT-©l^j^ll ' 

(k+1) , (k-1) (Dmm.mz^m.^^-y^o tzis. 

U 01 7 a®EeT-a:> 43SV^K:^E3tbTb^ d® 

ti. t:-A::^ru 5 6, 5 7^mx-r^o tft^mm 

1 0, 5 4, 5 5®?^«iiK®D= (A/NAI) i^T 
^ifi, 017C®J:-5t; t^>^h-;^5|:fflv^■r^> J:v^. 
c:om-&®^3fetitmSt-*ftHJ$n5lf4e^SE 1 4 

[0 19 1] ccftt. ^t^msi 0 {C■^V^-C®S^^S 
^Ck, itet^l±lg5 5K:oV'>-r®II^M^C (k-1) 
i:^1^tBS5 4Cov^T©B^^fi■^C (k+1) 
-To S4{t^&^#i)fc«)©lH]ES^EIl 3tl?^fo fc:'* 
U 017®I^-C•l±^ «^iaiK5 9, 6 0. jlJ£ilS&6 
1, 6 2tti£5>S&v^o 0 1 4 CS^i" J:-5 1> ^1~^3 
®:)&«S8SSi-S BUSES i: @«lg i:©Mia J: t) < 
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(20) 



?U7 4S^*bTfe»K:tttH^nSB^«^6 4i:*a* 

Ck=:CkR+/?XC (k-1) R + /?xC (k+1) R 
C (k-1) =c (k-1) R+/?xCkR + /?xC (k-2) 

+ „ ^ <^^+l) (k+1) R+/?xCkR+/?xC (k+2) 

^fe-^^^^lStj^. ^^T•;5<l*^J5g^)J5:^t^^5. jss 

mw Fsck-rxc (k-1) -yxc (k+1) 

= CkR + /3xC (k-1) R + ;ffxC (k+1) R 

-rx {c 
-rx {c 
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"^mW- 5-101398 



5. ^i-e. Ell 3{Cg^-riefc> «»ilS&6 6l?ifeS 
[0 19 2] 



R 
R 



(IS22) 



(k-1) R + /9xCkR + /?xC 
(k+1) R + /5xCkR + /?xC 



C (k-2) R, C 



(k+2) Rii, +:^/J%^<, 

F= (i-2r^) 



30 



F= (1-/?^) xCkR 

JK-;; ^*fflV^fe0!I^J^^T{C^^■ro Ell 4(C*5V^T. «^ 
m;^^?; h 7 Oi:i5lb;^:!f?«, bg®::^7}f^y h 7 5^2 

fe-^*ff5c fe;eu 01 3t^-r«t^{3, ^;K-yhH 

^t.»rteT-^5. ^fefT-r5i?!igjs{c^i^?£ijg^;:^^j;i. 

7 5, Q2(0^7nvYm^ (2dxNAF) K:-rSfc» 

AbT^ iKt)^i^^^>X8^C-r)V^T®||3&a«JlBP^/J^$ 
<-r*, -r^fefc^, ^»®a' ^^A/ (2dxNAF'') 

bT*ra«©^»«*sff 5,^5. -r&^j*,, NAF' =/L 
/ (2dxNAF) ii-rs. 
JO 1 9 3] cn^T-tt. :Jfeffri.;^Jjf>;; h^mi 4{c 

h^^7 5tiig^bfc*s^ mx.\z. laistc 

7^1-;^^^ hJ|^7 6. ^fett, 01 6fC5^-r3<@o;;^ 
if^vYll, 7 8. 7 9T-*|5l«0?»«AS|§6,tt5, ^ 
HI 30I3J^ta^|HlgS5 9, 6 0^»A-r 

•5c:i:TN M»6<J{c;^;K>;'b7 5*sv-^jij7 4S)tS 50 



(k-2) R} 
(k+2) R} 
mi 3) 

xCkR+ xc (k-1) R 

(^-r) XC (k+1) R (IS2 4) 



+ 
20 



40 



(St 2 5 ) 

[0 19 4] C^T% S»llI)^T•fflV^SMa^^^ilK6 

^^■x^y:ir~'^-yy\:.\,x. ii>3fe<Tt±T3 
»r^T-v-^IB®«:@j8 4#. RI-^5ft^::^Stl-)S:V^ J; 
^tciBMt-SC^T-. 01 4{3S^t-J;afc, h (k- 
1) /hk, h (k+1) /h<£/? (-1) . /J(+i) 

[0 19 5] 3ti^T'®^Sfi«?iJT-{i. «*B<jt lo©ji 

2-^W±OJi{3oV^T|5I^tIB®||:^x-^•5, -J-*: 

sis©^^>^ K 2 2 ara-^-^ ^^±{c(ftg 

^{tT4)Sv^b. «l!S©3fe^&o.i:^ffl;>fe^,^ 

^i^T-tA^^. S'fes^gEg©>fciig^sigf^igi--^ 

[0196] (7) 7^^>^^fi|jt^^ji-5r^^^^^^ 

01 ItcS^f iatc. asi 3 Om. jp^l. lam ©5^ 

-fx^Wb^^^b:*/^;^!!?©*®};, 7;i-h7ifi;^ij^ 
-i^3>^ (2P&) (c±-oT. 1.5/zm t'V5^©h 

7>y:^>i^ffl©^i*i^i:^ 7^r^^-^c^g,Jl^ 




[0 1 9 7] ±fBL'yj*a«4 0 l±tcKff®19— 
U 3 ^©-EMBSJta 4 0 2 5 0 nmiOff $l3?i^fSb 

1 3 CDiSJ5£®iBSM4 0 3*10 nm®JP$lCJi^B£U 

©WrlSdJaS^^iSbtx 3 0>am®J»^(cJi^fi£Ufeo 
[0 19 8] $e>ti^VAT, ±ia:^>'^»:'iJ'U >-5^^ei*i 
tf^'fbi' U 3 XDSMISSltJl 4 0 5 5 0 nm®ff $ 
C?KfiE;Ufe±fc:l n64S e43T Is ©«ifiK®f3^)K 4 0 
6S: 1 OnmOJP^Cfl^JSUs c:®±t 2 P&l:: 

^^^um\Mmm 407*30 >um©ff ^ {ca^bk u 

i/- U 3 >®SWB5±ii 4 0 8 5 0 nm®JP$ t^iJ^jS 
bfc±t- I n64S e^sT 1, OfflfiE®83®M4 0 9*1 

0 nm®IP$l-Ji5fiSibfe. 

[0 19 9]'l^«lCb-tt)-5— *fc®i^fie*U7'';*a*K 
4 0 1' ±{C, ^^bS^'J =1 >JxM^±M 4 0 2', In 

84 s e 43T 1 3!3iui4 0 3', ^^[■m.w^tm'im 4 0 

4' ,^{bi'';3>SWI55ll:»4 0 5' , I n64Se43 

T 1 3 iBgii^4 0 6'. m!^ws.<hmmm4: ot , m. 30 

{b5'U3>Si*E&±»4 0 8' . In64Se43Tl3 13 
^M4 0 9' . *|li*?^fiEb&o COJ;aturf^fe2 
tSt®7=-< ;^<5'*J14 0 9&t54 0 9' •IW*F«3ffl!)tCbTg! 

mnm^ i ocj:oTfli5»)^t)-«-*fTo&. g5«?[ijji4 

10®J5^a:x 5 0>unigKT-Si)o C® i-SlCT^-f :^ 

[0 2 0 0] Jiii±®7*-< ;^^#fiS«^J"^t±> y-:fiy3.v:r 

:Jr></ffl®^F^^3 9(IOV^TiaB^Lfc*s^ I?- 

>r;i/it— :!}^ffi^-fflv^5>■i7;r— 7';i/tr'y h 4 OfcrovNt 40 
4) . ±M® 7" U b i: |5]«® :5«T-f^5KT- S s . 
[0 2 0 1] TlsllMmf^SbfcT'-f if^te^ 
W C J: c -clBSiM^fiXJl?®)!^ IS^J^^b*^ b ^ i± i. 




-10 13 9 8 



[0 2 0 2] ±f37='^>^^'-K:43V^-Cf3MiMSlllS^tmIB 

M«SiT-$)i>. JtCT^-^ ;^^"*iifBai:UTfflv^SS-&C 
tt, ;::c:t:fBSifflu-1f^fe4^i*bTi^||{bf3»*ff«: 

■^b$■^•fe^^ /'^y— S5iK®Sv^lBS«^— if^te*B^ltb 
Tl^SlK{bIBgi*ff*Oo c::!-^. ie^^blBSrsofc 
a^JSW— tf>''^7— ©leHa:^ ifgftlb*secSiaKJ:?) 
iS5<v |^^HYbA5@-S^Kil3<£<^ei)ieffl"C-feSo 

^fc. ^^gM{bsa^-rs®i^®^*^— tf>'^'7-®iiffl 

;i/^t-i3^*in^u &7cig* 
+^SJi&, J^a'fb;^-a-:fe^> i^S{b1-5®lcai^«tv- 
if 7 - i: ^^SSfb-r S ® fc:®^ «i I' — tf ''^ "7 - i: O pa 
f^^bfelBSfflV— if3t*^Mbt::^— ^-f h* 

fr'S; -So 

[0 2 0 3] ±gB7*'f XiJ^* 1 8 0 0 rpm-eilte$ 

iji^ii*;!/— 1f^(JS:S7 8 0 nm)*faSl*^^Tt)n^i; 
V^^•^^7 — (ImW) C#oT^ IB^'^-^ h'lf^oi/ 
>X(NA=0.5 5) ■r-M^bT»tfi*SbT-«®iB 

^y^ffl®^^^®*^^:^^^/}?"^ b®ft"C,^*s^l3— a 
-r?)i-5{::-^>;' F*fElbbfco ^h^Ct^aH^IB^b-^ 
i: -r S Cl J: c T it *^ t) -r i) f X® * 

$c,{3fB®JK±t-IS;S*55fe?)J:ot3it&^;^^t) 
■B-*b-r. IB® -S^Sfra. IBSi*fT5SP^*®t)3a 
^nJi. ix— ify^y— *lmWtcTlfTb7'j'^>^''S 

±fB7'-f X ct5®!B^M4 0 3 , BB»M 4 0 6, IB^M 
4 0 9*ti-eix3ftict;:-&t>-^SCi:**T-tS. 

[0 2 0 4] ±fB«fiR®7='f Xi'*i^3^8m/s (El 
gISl 8 0 0 rpm, 4^g4 2. 5mm) bT^ S^Sffl!) 
*^?>lli{-T«t:iRl*^o-r8B®-rs®'&*^t-o ^-fx IB 
giM 4 0 3 K:^jja*-&t)-&x f3ftJl«ESS 5.5MHz t- 
9 0 nsOfBS/Vl/X^MWbTlBSibfc. CO^OS 
5t{t^^JK®13®''^'7— 'te^^14*W.TK:5"^■ro 

[0 2 0 5] 



(22) 



1^ 5 - 1 0 1 3 9 8 
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n&s^mm Cmv) 



42 



o 


o U 


7 


10 0 


8 


16 0 


9 


2 10 


1 0 


2 5 0 


1 1 


2 8 0 


1 2 


300 


1 4 


3 10 



4 0 6izm}^ 10* 

mSt/^K7— CmW) 
7 
8 



1 0 
1 1 
1 2 
1 3 
1 5 

fB®M4 0 3*<ttf|B®iK4 0 6 Ci3^b&«(c$e,{c: 

E»/'?'7- (mW) 
8 
9 
1 0 
1 1 
1 2 
1 3 
1 4 
1 6 

IB^M4 0 3C3MHZ. f3^M4 0 6{c4MH 
z . 43 J:y5f3SM409fc: 5 MH z (Dis^^'^ti^fitim. 
[ytz^. iasyK4 0 3. 4 0 6j3J:V4 0 Qt^jj^S-g- 

[0 2 0 8] m^m^it. 7.^^ ^>'^T:^7-f tf-^ffl* 

3MH z 

14 0 3 5 5dB 

t4 0 6 2 5 dB 

E4 0 9 1 OdB 

±fBoa(C, #Ji(C-DV>t> CNJtAsS 0 dBJW±. 1^ 
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